Direct observation of ligand dynamics in cytochrome c.
Horse heart cytochrome c (cyt c) has emerged as a paradigm for the study of protein folding, in large part because the covalently bound heme facilitates its characterization. The folding of reduced cyt c induced by photodissociation of CO from the CO-bound unfolded protein has been extensively studied. Following a nanosecond light pulse, four transitions with time constants of approximately 1-5, 50-100, 200-500, and 1000-10000 micros have been resolved. While originally thought to be associated with CO rebinding to two different partially folded states of cyt c, the two slower processes are now understood to reflect the bimolecular reassociation of CO followed by religation of His18, which by the base elimination mechanism is induced to dissociate after CO photolysis. Thus, it turns out that the two longer time constants do not report on protein folding but instead reflect the complexity of heme ligation. The two shorter time constants have been attributed to ligation at the heme center by Met65 or Met80 and His33 or His26 and have been used to estimate interchain diffusion rates of the protein. Here, to unambiguously determine the post-photodissociation steps involving CO, we have monitored the CO vibration following photodissociation with step-scan FT-IR spectroscopy. We have found that like the longer time scale processes, the 50-100 mus time scale process is associated not with protein dynamics but with CO ligand dynamics. The data clearly demonstrate that whatever the origins of the spectral changes, they clearly involve CO rebinding or changes in the environment of an already bound CO ligand. We speculate that the observed changes reflect His18 religation after fast geminate recombination of the CO. The data suggest that the associated time constant should not be used as a measure of interchain diffusion, and the results emphasize the importance of studying protein folding with probes that have inherently high structural resolution.